Ultrastructural localization of choline acetyltransferase in the rat rostral ventrolateral medulla: evidence for major synaptic relations with non-catecholaminergic neurons.
Pharmacological and biochemical studies suggest that interactions between cholinergic and catecholaminergic and catecholaminergic neurons, particularly those of the C1 adrenergic cell group, in the rostral ventrolateral medulla (RVL) may be important in cardiovascular control. Ultrastructural localization of choline acetyltransferase (ChAT), the biosynthetic enzyme for acetylcholine, and its relation to neurons exhibiting immunoreactivity for catecholamine- (tyrosine hydroxylase; TH) or adrenaline (phenylethanolamine-N-methyltransferase; PNMT) -synthesizing enzymes were examined in the RVL using dual immunoautoradiographic and peroxidase anti-peroxidase (PAP) labeling methods. By light microscopy, the ChAT-immunoreactive neurons were located both dorsally (i.e. the nucleus ambiguus) and ventromedially to those labeled with TH or PNMT (TH/PNMT). A few ChAT-labeled processes were dispersed among TH/PNMT-containing neurons with the majority of overlap immediately ventral to the nucleus ambiguus. By electron microscopy, ChAT-immunoreactivity (ChAT-I) was detected in neuronal perikarya, dendrites, axons and axon terminals and in the vascular endothelial cells of certain blood vessels. The ChAT-labeled perikarya in the ventromedial RVL were medium-sized (15-20 microns), elongated, contained abundant cytoplasm and had had slightly indented nuclei. Synaptic junctions on ChAT-immunoreactive perikarya and dendrites were primarily symmetric with 64% (45 out of 70) of the presynaptic terminals unlabeled. The remaining terminals were immunoreactive for ChAT (30%) or TH/PNMT (6%). Terminals with ChAT-I were large (0.8-2.0 microns) and contained numerous small clear vesicles and 1-2 dense core vesicles. Seventy-seven percent (112 out of 145) of the ChAT-labeled terminals formed symmetric synapses with unlabeled perikarya and dendrites, whereas only 8% were with TH/PNMT-labeled perikarya and dendrites, and 15% were with ChAT-immunoreactive perikarya and dendrites. We conclude (1) that cholinergic neurons in the RVL principally terminate on and receive input from non-catecholaminergic neurons, and (2) that the reported sympathetic activation following application of cholinergic agents to the RVL may be mediated by cholinergic inhibition of local inhibitory interneurons. The observed synapses between ChAT and TH/PNMT-containing neurons suggests that cholinergic and adrenergic neurons additionally may exert a minor reciprocal control on each other and thus may modulate their response to the more abundant input from afferents containing other transmitters.